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After this grant was awarded and the matching fund was provided by Bowling Green
State University, we purchased a YAG-laser-pumped optical parametric oscillator, which con-

sists of three major components:
1. Model GCR-230-10, Nd:YAG Laser, 1250 mJ@1064 nm, 10 Hz.
2. EE0-4-355, Enhanced Energy Option for GCR-230-10.

3. MOPO-730, High Efficiency, Narrow Band (<0.2 cm‘l), Master Oscillator/Power Oscil-

lator OPO (includes remote).

The key to the power oscillator is the use of a geometrically unstable resonator design. Such
type of the oscillator provides high energy output pulses, with excellent divergence and
transverse mode control. This resonator provides an output beam with a smooth, Gaussian-
like profile, minimal structure and sub milliradian divergence at all signal wavelengths. The
master oscillator output provides the seed for the narrow-linewidth operation. This system
manufactured by Spectra-Physics Lasers (SPL) was installed in Feb. of this year. Because
we need a Gaussian-like spatial profile for the idler wave in the wavelength domain of 1.2
pum - 1.8 um to be coupled into a planar waveguide, SPL engineer modified the pumping
configuration in June and September. In the new configuration, the BBO crystal was pumped

by two counter-propagating Nd:YAG laser beams.

Meanwhile we have optimized our multilayer structures for surface-emitting second-
harmonic generation [1], transversely-pumped counter-propagating optical parametric
amplification [2], and difference-frequency generation [3]. We have grown the first mul-
tilayer structure in collaboration with Wright Lab (Dr. Loehr’s group) to investigate these
nonlinear processes. The center pump, input and output wavelengths are designed to be 1.06
pm, 1.58 um, and 3.23 um. The structure is shown in Fig. 1. We are currently characteriz- -
ing this sample using our new laser system. We will grow more samples with different

structures to implement these nonlinear processes in collaboration with Naval Research Lab

(Dr. Rabinovich’s group).




The parametric processes mentioned above will enable us to efficiently generate

coherent light in the mid-infrared domain. These processes can be used to generate new fre-
quencies in the vicinity of input one for narrow-band optical communications [4]. There are
certain advantages of frequency shifting based on our schemes. We can tremendously reduce
the band-to-band absorption of all the beams. A high Q-vertical-cavity can be readily incor-
porated during growth to enhance the efficiency of the frequency conversion. Even without
the presence of a traveling-wave amplifier, there is a gain for sufficiently high pump power.
Effective interaction length is maximized. Our frequency shifters can be integrated with sem-
iconductor lasers. Eventually, our shifters can be electrically pumped and only take one
input wave. We can integrate a vertical-cavity surface-emitting laser with transversely-
pumped counter-propagating difference-frequency generation for an electrically-pumped fre-
quency shifter. In addition, optical signal can be amplified and its phase can be stablized and
detected. The parametric processes can be used to perform wavelength-division multiplexing.
We believe after the frequency shifters and phase detectors are implemented, they will even-
tually make dramatic impact on optical communications.

Recently, we proposed backward optical parametric oscillators, amplifiers, and second-
harmonic generation [5]. We periodically poled LiNbO; crystals in collaboration with Naval
Research Lab [6]. Most recently, we observed backward second-harmonic generation in
these crystals ‘[6], see Fig. 2. We will use our new laser system to implement these
parametric devices in quasi-CW regime. We will also use this laser system to demonstrate
principle operation of several new devices proposed by us recently, such as directional

couplers, phase conjugation, self-phase modulation, and power limiters.
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